Background: Hepatitis C virus (HCV) infection is one of the major causes of liver cirrhosis and hepatocellular carcinoma globally. The advent of direct-acting antivirals (DAAs) with high cure rates provides an opportunity to reduce the rising HCV disease burden. However, few studies have explored the side effects and physiological benefits of DAA therapy in rural areas. The aim of this study was to investigate the subjective reports of discomfort, patient feedback about the course of treatment, and physiological changes after DAA treatment in HCV patients. Methods: A descriptive, prospective, comparative cohort study was conducted from January to August 2019 in western coastal Yunlin County, Taiwan. Data regarding demographic characteristics, subjective discomfort levels, and physiological responses were collected through face to face interviews and from medical records by a cooperating hospital. Results: Six-hundred-and-twenty-three participants with an active HCV infection were identified; 555 (89.1%) had completed treatment, and sustained virologic response was achieved in 99.6% (n = 553). The mean age was 64.9 (standard deviation = 13.1) years, and 35% of patients experienced discomfort during DAA treatment, including fatigue, itching, and dizziness. After three months of treatment, physiological markers, including body weight (p < 0.001), waist circumference (p < 0.05), blood pressure (p < 0.001), alanine aminotransferase (p < 0.001), and aspartate aminotransferase (p < 0.001), had significantly improved. Almost all participants provided positive feedback about the treatment experience and reported manageable side effects. Conclusions: The findings showed that, in an endemic rural area, DAA treatment had a high cure rate and improved physiological markers with few discomforts. These results can be used to reduce the barriers HCV patients face in adopting new medications.
Introduction
Chronic hepatitis C (CHC) virus infection is a major cause of liver cancer and cirrhosis. In addition, some studies have indicated that patients with CHC have both higher prevalence of type 2 diabetes and increased cardiovascular risk compared to those who have never been infected [1, 2] . Globally, an estimated 71 million people have CHC, which is caused by the hepatitis C virus (HCV), a blood borne virus. The most common modes of infection are through exposure to small quantities of blood, such as through injection drug use, inadequate sterilization of medical equipment, or transfusion of unscreened blood and blood products [3, 4] . Globally, there is a considerable burden of CHC and HIV infections among people who inject drugs, and the transmission of both infections continues [5, 6] . Unlike the transmission modes described above, the majority of CHC patients in Taiwan are elderly, born in and around the 1950s, and are likely to have been infected by unsafe medical devices, especially in rural areas [3] . The current prevalence of HCV infection in Taiwan is about 4% [3] .
The treatment of HCV infection has evolved from interferon-based treatment approaches to direct-acting antivirals (DAAs). Recently, the emergence of DAAs, such as Asunaprevir/daclatasvir, Elbasvir/Grazoprevir, and Ledipasvir/Sofosbuvir, has increased cure rates and treatment safety, with more than 95% efficiency, few adverse effects, and a short treatment time of 8-12 weeks [7-10] . The World Health Organization has developed a global health strategy to eliminate hepatitis C by 2030 [4] , and the Taiwanese government also launched an elimination goal by 2025 [3] . In addition, previous literature confirmed that DAA treatment is not only beneficial for HCV clearance but is also associated with better fasting glucose and controlled glycated hemoglobin levels and improved cardiovascular function [2, 11] .
Although the advent of free DAA treatment provides an opportunity to reduce the rising burden of this disease, many countries continue to face barriers to diagnosis and treatment, especially in resource-limited settings [6, 12] . Additionally, patients who have been identified as HCV carriers are not properly educated or made aware of the need for medication, or they feel restricted by the requirement to adhere to medication and choose not to do so [13] [14] [15] . Therefore, reducing the global burden of HCV infection must depend upon the success of preventive interventions as well as the implementation of outreach screening [3, 4] . Primary healthcare providers can play an important role in advising potential HCV patients to seek a confirmed diagnosis and free DAA treatment, which should be supplemented with individualized, culturally-tailored care until the completion of the treatment course. However, information related to the side effects of DAA therapy and feedback regarding the treatment experiences of HCV patients are lacking. Therefore, the purpose of this study was to explore the subjective reports of discomfort and treatment experience as well as physiological markers after HCV treatment.
Materials and Methods

Design, Sample, and Setting
This report was one of a series of prospective cohort studies, which were conducted by a nurse-led community health development program and supported by a government grant for reducing HCV infection burden around the western coastal rural areas of Taiwan from August 2018 to July 2021. A descriptive, prospective, comparative cohort study was conducted. Participants who were found to be positive for anti-HCV antibodies in the medical records were invited to the collaborating hospital for HCV RNA confirmation and free DAA treatment by the research team.
Procedure and Ethical Consideration
This study was approved by the institutional review board (IRB No. 201701919B0). A total of 1795 patients had tested positive for the anti-HCV antibody; of these, the research team transferred 623 adults with HCV RNA detected in their blood to a local hospital for further treatment. The research team conducted face to face interviews at outpatient clinics to collect data regarding side effects and feedback related to the free DAA treatments. These interviews were conducted upon completion of the treatment course (2-3 months), and again, 3 months after the end of the treatment.
Measurements
Demographics and Basic Health-Related Behaviors
We collected demographic data including age, sex, education level, serum HCV genotype, and current or past use of DAAs from the medical records. Participants were asked if they (a) were aware of free medication therapy; (b) had been diagnosed with diabetes mellitus, hypertension, or heart disease by a doctor; (c) had a family member infected by HCV; or (d) had been treated with antivirals in the past. The participants' health-related behaviors pertaining to liver health were recorded according to previous literature [16, 17] . We included six health-related habits, and responses were categorized as frequent for usually/always and infrequent for never/seldom. Participants were asked (a) how often they followed a healthy diet that included the 5 food groups (e.g., rice, meat, vegetables, fruit, and milk); (b) how often they drank at least 1500 mL water; (c) whether they engaged in regular exercise for 30 minutes/day, 3 times each week; and (d) whether they smoked cigarettes, chewed betel nuts, and drank alcohol (currently, never, or formerly).
The Subjective Discomfort (Side Effects)
We asked participants' subjective feelings about adopting the DAA treatment and recorded these answers by telephone interview every week. We asked, "Do you have any discomfort this week?"
Physiological Biomarkers
Physiological data were collected from patient medical records by the cooperating hospital and included (1) body weight, (2) waist circumference (cm), (3) systolic/diastolic blood pressure (mmHg), (4) alanine aminotransferase (ALT) and aspartate aminotransferase (AST) levels, (5) HCV RNA confirmation testing used to classify participants as negative (those with viral clearance or sustained virologic response (SVR)) or positive.
Feedback Related to the Free DAA Treatments
We asked participants' for feedback regarding their experience after completion of the 2-3-month treatment course. We used the following questions in face to face interviews: (a) immediately after treatment completion, we asked, "How do you think you have finished the treatment course?" and (b) at 3 months after completion of treatment we asked, "How do you think that you have cleaned out the virus (germ/worm)?"
Statistical Analyses
SPSS version 22 (IBM SPSS Inc, Chicago, Illinois) was used for data analyses. A descriptive and dependent sample t-test was used to assess the subjective reports of the side effects or responses to the treatment-related questions, as well as the physiological biomarkers (continuous variables). All tests were two-tailed, and p < 0.05 was considered statistically significant.
Results
We screened 623 participants with active HCV infection, 68 of whom refused to transfer for further DAA treatment. Ultimately, 555 completed the treatment (89.1%), and 553 (99.6%) tested positive for HCV RNA clearance. The mean age of the participants was 64.9 (standard deviation = 13.1, range 20-92) years, with more than half of them aged >65 years. Most participants reported having received little education (85%) and having hypertension (38.6%), diabetes (18.2%), and heart diseases (12.6%), which had been diagnosed by a doctor (Table 1) . The major genotypes of HCV were type 1b (n = 336, 60.5%) and type 2 (n = 191, 34.4%). More than one quarter (n = 159, 28.7%) of the participants reported having a family member with HCV infection, and 13.2% reported having been treated with interferon-based medications without success. More than two thirds (78%) had been treated for 12 weeks, and the top three medications used were Elbasvir/Grazoprevir (46.4%), Ledipasvir/Sofosbuvir (29.9%), and Glecaprevir/Pibrentasvir (23.4%). More than half (62.1%) were classified as overweight or obese. Nearly one third (35%) reported discomfort (side effects) and 99.6% (n = 553) showed virus clearance at three months after completing treatment (Table 1) . Regarding health-related behaviors before starting DAA therapy, 43.5%, 50.1%, and 79.1% reported that they infrequently followed a healthy diet, consumed adequate water, or exercised regularly, respectively. In addition, many participants still consumed alcohol, betel nuts, and cigarettes.
As shown in Table 2 , the top three discomfort symptoms reported included fatigue (sleepiness and drowsiness, 70.1%) and skin issues (e.g., itching, 40.7%), and more than one-third experienced headache, dizziness, or gastroenterology-related discomfort. Table 3 shows the physiological marker levels before and after receiving DAA therapy. The paired t-test showed that body weight (t = 4.82, 95% confidence interval (CI) = 0.34-0.80, p < 0.001), waist circumference (t = 2.09, 95% CI = 0.01-0.21, p < 0.05), systolic blood pressure (t = 4.61, 95% CI = 2.26-5.61, p < 0.001), diastolic blood pressure (t = 3.57, 95% CI = 1.91-3.13, p < 0.001), ALT (t = 13.48, 95% CI = 29.47-39.53, p < 0.001), and AST (t = 12.43, 95% CI = 16.38-22.25, p < 0.001) showed significant improvements after therapy. Table 4 shows that many participants responded positively regarding their experience immediately following the treatment course and also three months after DAA treatment. For instance, immediately following treatment, some participant responses included, "Thanks for your constant phone calls and comfort to accompany my treatment completion . . . It seemed like a marathon race . . . Without your reminders and encouragement, I would have already given up . . . How could I ever have completed the treatment?" Three months after the treatment course, many participants were confirmed as being virus-free, and most of them responded with phrases like, "I feel much happier and more excited than if I had won the lottery bonus . . . I can live a longer, healthier life . . . You really didn't lie to me . . . The drug is very effective . . . The medicine is powerful . . . Thanks to your team . . . described by the family members." Table 4 . The participants' positive feedbacks during different phases.
Phase 1-Completion of DAA treatment (the end of treatment)
A.
Thanks for your constant phone calls and comforts to accompany my treatment completion. It looks like a marathon racing . . . crying . . .
B.
Without your reminders and encouragement, I have already given up, how could I complete the treatment? I love you . . .
C.
I finally reached the destination of hard treatment with your team's full supports. D.
Since no more DAA medicine, I should be able to sleep well and sound, right? E.
Will the side effects disappear automatically after the treatment? F.
Finally, I don't have to worry about forgetting to take medicine on time every day. G.
After treatment completion, will there still be any your team to accompany me to the clinic and chat together? H.
Three months have passed quickly; it's great that my treatment is eventually finished!
Phase 2-Virus confirmation (3 months after the end of treatment)
A. I will introduce my father-in-law and my relatives to take DAA. B.
I feel much happier and more exciting than the lottery bonus. C.
Fortunately, the hard work has not been in vain. D.
I can live healthily much longer. E.
Are the worms in the stomach annihilated? F.
You really didn't lie to me, the drug is very effective. G.
My ancestors really bless me. H.
The modern medicine is very powerful, and soon the cancer will not be a threat any more. I.
I can live longer . . . these drugs are so powerful . . . crying . . . I love you all . . .
J.
Thank you for your team . . . assist my parents to complete treatment . . . from family members described.
DAA, direct-acting antiviral.
Discussion
To the best of our knowledge, few studies have reported the levels of discomfort, side effects, and physiological changes experienced by patients during and after DAA treatment. Four key findings emerged from this study. First, the nurse-led community health development program significantly benefitted rural adults with HCV by advocating medication adherence and treatment completion, and these patients had high cure rates. Second, participants exhibited greater improvement in the physiological markers, such as body weight, waist circumference, blood pressure, and liver function. Third, nearly one-third of participants reported discomforts; however, most of them were manageable. Lastly, the positive feedback related to free DAA therapy strongly supported the government's free DAA treatment policy.
The present study showed that most of the participants were older, female, of low social economic status, had undergone 12 weeks of treatment, and were predominantly infected with the viral genotypes 1b and 2. With the exception of the age and sex of our cohort, much of the demographic characteristics were similar to those of cohorts studied in Japan and Australia [13, 18, 19] . For instance, in Australia, White et al. found that the median age of patients was 48 years, 66% of participants were male, 26% had been previously treated with eight-week regimens, and 57% tested positive with genotype 1 [19] . In South Korea, HCV patients had a mean age of 57.3 years, and the major genotypes detected were 1b (48.2%) and 2 (46.4%) [20] . Cohort differences might be due to the unsafe medical device transmission route in our study in rural areas during the baby boomer era, i.e., from 1945-1965 [21, 22] .
Surprisingly, there were four participants who were more than 80 years old in the present study who also showed virus clearance following DAA therapy. This is in agreement with a report from the United States by Pan et al. [21] , who evaluated HCV SVR rates and showed that DAAs were associated with high rates of SVR in all age groups. The age of patients does not seem to have a significant impact on the efficacy of DAAs, even when patients are in the oldest age category (≥75 years). Therefore, DAA treatment should not be withheld from older individuals [21] . More than one quarter of participants in our study had family clustered infections; 28.7% had more than one relative infected by HCV. Further studies could adopt a screening program that includes all family members to accurately identify all patients with HCV.
The rate of SVR achieved in our study was higher than that in a study in Australia by White et al., who enrolled 327 patients who underwent assessment and commenced treatment in primary care settings with an SVR rate of 95.6% [19] . Moreover, the medication adherence was also higher in this study than that in a study conducted in a psychiatry department in Sweden by Sundberg et al., who showed that adherence to DAA treatment was estimated at 95%, and the SVR rate was 88% [23] . The high medication adherence and SVR rate in our study might be attributable to the individualized care provided by the research team with frequent telephone calls to ensure medication adherence; moreover, we also conducted prompt consultations.
In the study, 73 patients, who had been treated with interferon-based medications in vain, still were invited by our insistent phone care based on the following motivations. (1) They were encouraged by the successful DAA treatment cases from their own neighbors or families. (2) It is much more convenient for only oral medication daily at home than weekly injection by nurses in hospital. (3) DAA treatment only takes 8-12 weeks; it's easier than interferon-based medications 24-48 weeks tolerance. (4) The VIP services by the research team, such as hospital registration, outpatient accompany, weekly phone care, and reminding, even medical transportation arrangements. In addition, from the above 73 patients' previous painful interferon-based medications experiences, most felt headache, dizzy, exhausted, fever, hair loss, itching, poor appetite, dysphagia, nausea, vomit, stomach ache, diarrhea, constipation, weight loss, night sweat, depressive mood, insomnia, anxiety, oral ulcer, and dyspnea in activities, etc. Nevertheless, the phenomenon of discomfort by DAA treatment only was shown in Table 2 . In Table 4 , participants' positive feedbacks during different phases exactly reflected the above patients' happy feelings.
The present study showed an improvement in physiological biomarkers at the end of treatment. This result is consistent with previous study findings that DAAs not only eliminate HCV but also significantly improve both systolic/diastolic blood pressure and liver function [1, 11] . HCV was found to be a risk factor for cardiometabolic disease, vascular coronary artery disease, and type 2 diabetes, which are extra-hepatic manifestations [1, 11] . Many CHC patients in the present study exhibited hypertension and diabetes (Table 1 ). Clinicians and primary healthcare providers can use these results to invite CHC patients to undergo free DAA treatment.
Many CHC patients reported the lack of a healthy diet and not drinking adequate water and exercising. Although an assessment of these health-related behaviors was not the purpose of this study, an unhealthy lifestyle may be correlated with some cardiometabolic diseases [16] . Further studies should explore these health-related habits among CHC patients. Although nearly one-third of the participants reported experiencing side effects during the two-three months of treatment, most of these effects were manageable. Moreover, almost all participants provided positive feedback regarding their experience of undergoing free DAA therapy and strongly supported the government's policy.
Conclusions
Altogether, in HCV endemic rural areas, short duration DAA treatment significantly influenced the medication adherence and treatment completion rates among HCV carriers, which, in turn, led to a high cure rate and the improvement of physiological markers with few discomforts. Although 35% of HCV carriers in this study reported experiencing side effects, the top three being fatigue, itching, and dizziness, all these side effects were considered manageable, and most participants provided positive feedback after the end of treatment. These results can be used to reduce the barriers HCV patients face in adopting new medications. 
